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1
PRESSURE SENSOR CHIP

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application 1s based on and claims priority to
Japanese Application No. 2018-138741, filed Jul. 24, 2018,
the entire contents of which are incorporated herein by
reference.

Background Disclosure
1. Field Disclosure

The present disclosure relates to a pressure sensor chip
including a sensor diaphragm that outputs a signal corre-
sponding to the difference between pressures applied to one
and the other surfaces of the sensor diaphragm, for example,
a pressure sensor chip that includes a strain resistance gauge
provided on a thin-plate-shaped diaphragm that 1s displaced
when a pressure 1s applied thereto and that detects a pressure
applied to the diaphragm based on a change in the resistance
of the strain resistance gauge formed on the diaphragm.

2. Description of the Related Art

A pressure difference sensor including a pressure sensor
chip has been used as an industrial pressure difference
sensor. The pressure sensor chip includes a sensor dia-
phragm that outputs a signal corresponding to the difference
between pressures applied to one and the other surfaces of
the sensor diaphragm.

The pressure diflerence sensor i1s configured such that
fluid pressures applied to a pressure-receiving diaphragm at
a high-pressure side and a low-pressure-side are guided to
one and the other surfaces of the sensor diaphragm by a
pressure transmitting medium (incompressible liquid (sealed
liquid)), such as silicone oil. The stramn of the sensor
diaphragm 1s detected as, for example, a change in the
resistance of the strain resistance gauge. The change 1n the
resistance 1s converted into an electric signal, which 1s
transmitted to the outside.

FIG. 7 illustrates the structure of a main portion of a
pressure sensor chip included 1n a pressure difference sensor
(see, for example, Japanese Patent No. 3847281). This
pressure sensor chip 1 includes a sensor diaphragm 1-1, a
first holder 1-2, and a second holder 1-3.

The first holder 1-2 and the second holder 1-3 of this
pressure sensor chip 1 are joined together with the sensor
diaphragm 1-1 provided therebetween. The sensor dia-
phragm 1-1 1s made of silicon, and a strain resistance gauge
(not shown) 1s formed on a surface of the diaphragm, which
1s thin-plate-shaped. The holders 1-2 and 1-3 are also made
of silicon.

The holder 1-2 of this pressure sensor chip 1 has a recess
1-2a, and the holder 1-2 1s joined to one surface 1-1a of the
sensor diaphragm 1-1 such that a peripheral portion 1-256 of
the recess 1-2a faces the one surface 1-la of the sensor
diaphragm 1-1. The holder 1-3 has a recess 1-3a, and the
holder 1-3 1s joined to another surface 1-15 of the sensor
diaphragm 1-1 such that a peripheral portion 1-35 of the
recess 1-3a faces the other surface 1-150 of the sensor
diaphragm 1-1.

The recess 1-2a in the holder 1-2 has a curved surface
(aspherical surface) that extends along a curve to which the
sensor diaphragm 1-1 1s displaced, and a pressure-guiding
hole (pressure guide hole) 1-2¢ 1s formed at the apex thereof.
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The recess 1-3a 1n the holder 1-3 has a flat surface, and a
pressure-guiding hole (pressure guide hole) 1-3¢ 1s formed
at the bottom thereof.

The pressure sensor chip 1 i1s configured such that a fluid
pressure PL 1s applied to the one surface 1-1a of the sensor
diaphragm 1-1 by a pressure transmitting medium, such as
silicone oi1l, through the pressure guide hole 1-2¢ 1n the
holder 1-2. Also, a fluid pressure PH 1s applied to the other
surface 1-1b6 of the sensor diaphragm 1-1 by a pressure
transmitting medium, such as silicone o1l, through the pres-
sure guide hole 1-3¢ 1n the holder 1-3.

In this pressure sensor chip 1, PH denotes a high-pressure-
side fluid pressure, and PL denotes a low-pressure-side tluid
pressure. The curved recess 1-2a in the first holder 1-2
serves as a stopper when the fluid pressure PH 1s excessive.
More specifically, when the sensor diaphragm 1-1 1s dis-
placed 1n response to an excessive pressure applied to the
other surface 1-15 of the sensor diaphragm 1-1, the curved
surface of the recess 1-2a in the holder 1-2 receives a
displacement surface of the sensor diaphragm 1-1 over the
entire region thereot. In the following description, the holder
1-2 1s referred to also as a stopper.

Accordingly, excessive displacement of the sensor dia-
phragm 1-1 can be prevented when an excessive pressure 1s
applied to the other surface 1-16 of the sensor diaphragm
1-1, and stress concentration does not occur at the peripheral
portion of the sensor diaphragm 1-1. Thus, unexpected
breakage of the sensor diaphragm 1-1 due to application of
excessive pressure can be ellectively prevented, and the
operating pressure (withstanding pressure) applicable to the
sensor diaphragm 1-1 with protection from excessive pres-
sure can be increased.

According to the pressure sensor chip 1, when the shape
of the curved surface (aspherical surface) of the recess 1-2a
in the stopper 1-2 differs from the i1deal design shape, there
1s a risk that the pressure transmitting medium sealed in the
iner space will be left between the sensor diaphragm 1-1
and the curved recess 1-2a 1n the stopper 1-2 after the sensor
diaphragm 1-1 has reached the bottom of the stopper 1-2. In
this case, since there 1s no space for receiving the pressure
transmitting medium, abnormal deformation of the sensor
diaphragm 1-1 may occur. Accordingly, excessive stress 1s
generated and there 1s a risk that abnormal output or break-
age of the sensor diaphragm 1-1 will occur.

When the pressure diflerence 1s increased and then
reduced after the sensor diaphragm 1-1 has reached the
bottom, separation of the sensor diaphragm 1-1 1deally
occurs at the pressure diflerence at which the sensor dia-
phragm 1-1 has reached the bottom. However, since the
pressure recerving area at the bottom side 1s as small as the
opening area of the pressure guide hole 1-2¢ after the sensor
diaphragm 1-1 has reached the bottom, separation may not
occur at the pressure at which the sensor diaphragm 1-1 has
reached the bottom. Also, separation may not occur even
when the pressure 1s reduced to an operation pressure.

The size of the gap through which the pressure transmit-
ting medium 1s introduced decreases toward the edge of the
sensor diaphragm 1-1. Therefore, the pressure transmitting
medium cannot be easily introduced, and there may be a
region where the pressure transmitting medium does reach.
In such a case, a pressure loss may occur.

Accordingly, to avoid abnormal deformation of the sensor
diaphragm 1-1, and to facilitate separation of the sensor
diaphragm 1-1 and 1ntroduction of the pressure transmitting
medium, the following configuration has been proposed.
That 1s, a plurality of projections (columns) 2 (see FIG. 8)
are discretely formed on the curved recess 1-2a 1n the
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stopper 1-2 so that grooves 3 are formed as passages
between the projections 2 (see, for example, Japanese Unex-

amined Patent Application Publication No. 2017-106812).

However, 1n the pressure sensor chip 1 having the above-
described configuration, the stopper 1-2 and the sensor
diaphragm 1-1 form an acute angle at a joining portion
therebetween (portion surrounded by the dotted line 1n FIG.
8). Therelfore, stress concentration occurs at one point at
which the stopper 1-2 and the sensor diaphragm 1-1 form an
acute angle at the joining portion (point where the angle 1s
close to 0), and fracture toughness 1s very low. Accordingly,
even a small deformation of the sensor diaphragm 1-1 1n a
direction away from the stopper 1-2 due to low pressure
(fluad pressure PL) may lead to a fracture.

As 1llustrated 1n FIG. 9, a ring-shaped wall 1-5 may be
provided on the peripheral portion 1-25 of the stopper 1-2 so
that an inner wall surface 1-5a of the ring-shaped wall 1-5
faces a space 1-4 surrounded by the sensor diaphragm 1-1
and the curved recess 1-2a 1n the stopper 1-2. FIG. 10 shows
the stopper 1-2 viewed from below the bottom surface of the
ring-shaped wall 1-5.

In this case, a step (very small step) h 1s formed along the
entire circumierence of the joining portion between the
stopper 1-2 and the sensor diaphragm 1-1 (portion sur-
rounded by the dotted line in FIG. 9), and the step h
disperses the stress. More specifically, the step h has a
plurality of points at which the stress 1s dispersed. Accord-
ingly, the fracture toughness of the joining portion between
the stopper 1-2 and the sensor diaphragm 1-1 1s increased,
and suilicient strength can be ensured when the sensor
diaphragm 1-1 1s displaced 1n the direction away from the
stopper.

However, 1n the case where the above-described step h 1s
tformed, when the shape of the curved recess 1-2a 1n the
stopper 1-2 1s shifted and an excessive pressure 1s applied,
the pressure transmitting medium 4 tflows into the grooves 3
in the peripheral portion of the curved recess 1-2aq in the
stopper 1-2 and to the step h after the sensor diaphragm 1-1
has reached the bottom of the stopper 1-2 (see FIG. 11).
Theretfore, abnormal deformation of the peripheral surface
of the sensor diaphragm 1-1 occurs along the aspherical
shape of the recess 1-2a, and the withstanding pressure 1s
reduced.

SUMMARY DISCLOSURE

The present disclosure has been made to solve the above-
described problems, and an object of the present disclosure
1s to provide a pressure sensor chip 1 which a joining
portion between a stopper and a sensor diaphragm has an
increased fracture toughness, which does not cause a frac-
ture in response to a small deformation of the sensor
diaphragm due to low pressure, and with which abnormal
deformation of the sensor diaphragm aiter the sensor dia-
phragm has reached the bottom of the stopper can be
prevented.

To achieve the above-described object, according to the
present disclosure, a pressure sensor chip (1) includes a
sensor diaphragm (1-1) that outputs a signal corresponding
to a pressure diflerence; a first holder (1-2) including a
peripheral portion (1-2b) that faces and 1s joined to one
surface (1-1a) of the sensor diaphragm, the first holder
having a first pressure guide hole (1-2¢) through which a first
measurement pressure (PL) 1s guided to the one surface of
the sensor diaphragm; and a second holder (1-3) including a
peripheral portion (1-35) that faces and 1s joined to another
surface (1-15) of the sensor diaphragm, the second holder

10

15

20

25

30

35

40

45

50

55

60

65

4

having a second pressure guide hole (1-3¢) through which a
second measurement pressure (PH) 1s guided to the other
surface of the sensor diaphragm. The first holder (1-2)
includes a curved recess (1-2a) that prevents excessive
displacement of the sensor diaphragm when an excessive
pressure 1s applied to the other surface of the sensor dia-
phragm, the curved recess extending along a curve to which
the sensor diaphragm 1s displaced. The peripheral portion
(1-2b6) of the first holder (1-2) includes a ring-shaped wall
(1-5) having an 1nner wall surface (1-5a) that faces a space
(1-4) surrounded by the sensor diaphragm and the curved
recess 1n the first holder. The curved recess (1-2a) 1n the first
holder (1-2) includes a groove-pattern region (#1) 1n which
grooves (3) that communicate with the first pressure guide
hole are formed as passages between a plurality of projec-
tions (2) and a ring-shaped groove-iree region (#2) that
surrounds the groove-pattern region. When the sensor dia-
phragm reaches a bottom of the curved recess 1n the first
holder, the groove-iree region (#2) 1s divided 1nto a ring-
shaped first region (#21) with which the sensor diaphragm 1s
in close contact and a ring-shaped second region (#22)
disposed between the mner wall surface of the ring-shaped
wall and the ring-shaped first region. The ring-shaped first
region serves as a sealing region and the ring-shaped second
region serves as a confinement region (#22) so that a
pressure transmitting medium (4) that remains 1n a space (3)
adjacent to the inner wall surface of the ring-shaped wall 1s
confined 1n the confinement region.

According to the present disclosure, the ring-shaped wall
1s provided on the peripheral portion of the first holder
(stopper) so that the mner wall surface of the ring-shaped
wall faces the space surrounded by the sensor diaphragm
and the curved recess 1n the first holder and that a step (very
small step) 1s formed along the entire circumierence of the
joining portion between the stopper and the sensor dia-
phragm. According to the present disclosure, the step dis-
perses the stress applied to the joining portion between the
stopper and the sensor diaphragm. More specifically, the
step has a plurality of points at which the stress 1s dispersed.
Accordingly, the fracture toughness of the joining portion
between the stopper and the sensor diaphragm 1s increased,
and suflicient strength can be ensured when the sensor
diaphragm 1s displaced in the direction away from the
stopper.

According to the present disclosure, the curved recess 1n
the first holder (stopper) includes the groove-pattern region
in which the grooves are formed as passages between the
projections and the ring-shaped groove-free region that
surrounds the groove-pattern region. When the sensor dia-
phragm reaches the bottom of the curved recess in the
stopper, the ring-shaped groove-iree region 1s divided into
the ring-shaped first region with which the sensor diaphragm
1s 1n close contact and the ring-shaped second region dis-
posed between the mner wall surface of the ring-shaped wall
and the ring-shaped first region. Accordingly, the ring-
shaped {first region serves as the sealing region and the
ring-shaped second region serves as the confinement region
so that a pressure transmitting medium that remains in a
space adjacent to the mner wall surface of the ring-shaped
wall 1s confined in the confinement region. In this case, the
amount of pressure transmitting medium that 1s confined 1s
small, and the sensor diaphragm 1s deformed only by an
amount corresponding to the amount by which the confined
pressure transmitting medium 1s compressed.

In the above description, reference signs i1n brackets
denote components drawn 1n the figures corresponding to
the components of the disclosure.
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As described above, according to the present disclosure,
the ring-shaped wall 1s provided on the peripheral portion of

the first holder (stopper). Thus, a step (very small step) 1s
tormed along the entire circumierence of the joining portion
between the stopper and the sensor diaphragm, and the step
disperses the stress applied to the joining portion between
the stopper and the sensor diaphragm. Accordingly, the
fracture toughness of the joining portion between the stopper
and the sensor diaphragm 1s increased, and sufhlicient
strength can be ensured when the sensor diaphragm 1s
displaced 1n the direction away from the stopper. As a result,
the risk of fracture as a result of small deformation of the
sensor diaphragm due to low pressure can be eliminated.

According to the present disclosure, the curved recess 1n
the first holder (stopper) includes the groove-pattern region
in which the grooves that commumicate with the first pres-
sure guide hole are formed as passages between the projec-
tions and the nng-shaped groove-iree region that surrounds
the groove-pattern region. When the sensor diaphragm
reaches the bottom of the curved recess 1n the stopper, the
ring-shaped groove-iree region 1s divided into the ring-
shaped first region with which the sensor diaphragm 1s 1n
close contact and the ring-shaped second region disposed
between the 1inner wall surface of the ring-shaped wall and
the ring-shaped first region. Accordingly, the ring-shaped
first region serves as the sealing region and the ring-shaped
second region serves as the confinement region so that a
pressure transmitting medium that remains 1n a space adja-
cent to the mner wall surface of the rning-shaped wall 1s
confined in the confinement region. Therefore, the sensor
diaphragm can be deformed only by an amount correspond-
ing to the amount by which the pressure transmitting
medium 1s compressed. As a result, abnormal deformation of
the sensor diaphragm after the sensor diaphragm has reached
the bottom of the stopper can be prevented.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram illustrating a pressure
sensor chip according to an embodiment of the present
disclosure:

FIG. 2 illustrates a stopper included 1n the pressure sensor
chip viewed from below the bottom surface of a ring-shaped
wall;

FIG. 3 illustrates a sensor diaphragm and the stopper
included in the pressure sensor chip;

FI1G. 4 illustrates the state 1n which the sensor diaphragm
has reached the bottom of a curved recess in the stopper;

FIG. 5 illustrates the manner i which a ring-shaped
groove-iree region 1s divided into a sealing region and a
confinement region when the sensor diaphragm has reached
the bottom:

FI1G. 6 1llustrates an example in which a ring-shaped wall
1s provided on a peripheral portion of the stopper as a
separate component;

FIG. 7 illustrates the structure of a main portion of a
pressure sensor chip according to the related art;

FIG. 8 illustrates an example in which a plurality of
projections are provided on a curved recess of a stopper
included 1n the pressure sensor chip so that grooves are
formed between the projections;

FI1G. 9 1llustrates an example in which a ring-shaped wall
1s provided on the peripheral portion of the stopper in the
example 1llustrated 1n FIG. 8;

FI1G. 10 illustrates the stopper 1n the example 1llustrated in
FIG. 9 viewed from below the bottom surface of the
ring-shaped wall; and
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FIG. 11 illustrates the manner in which a sensor dia-
phragm has reached the bottom of a curved recess 1n the
stopper 1n the example illustrated 1n FIG. 9.

DETAILED DESCRIPTION

An embodiment of the present disclosure will be
described in detail with reference to the drawings.

FIG. 1 1s a schematic diagram illustrating a pressure
sensor chip according to an embodiment of the present
disclosure. In FIG. 1, components that are the same as or
similar to those illustrated 1n FIG. 7 are denoted by the same
reference numerals as those i FIG. 7, and description
thereol 1s omitted.

In the following description, the pressure sensor chip 1
according to the present embodiment 1s denoted by 1A for
discrimination from the pressure sensor chip 1 according to
the related art illustrated 1n FIG. 7, and the pressure sensor
chuip 1 according to the related art 1s denoted by 1B.

The pressure sensor chip 1A according to the present
embodiment includes a ring-shaped wall 1-5 that 1s formed
integrally with a peripheral portion 1-26 of a stopper 1-2.
FIG. 2 illustrates the stopper 1-2 viewed from below the
bottom surface of the ring-shaped wall 1-5.

The bottom surface of the ring-shaped wall 1-5 1s joined
to a peripheral portion 1-1¢ of a sensor diaphragm 1-1. The
ring-shaped wall 1-5 has an inner wall surface 1-5a that
faces the space 1-4 surrounded by the sensor diaphragm 1-1
and a curved recess 1-2a 1n the stopper 1-2. The angle 0 (see
FIG. 3) of the inner wall surface 1-5q of the ring-shaped wall
1-5, that 1s, the angle 0 with respect to a joining surface S
between the ring-shaped wall 1-5 and the peripheral portion
1-1¢ of the sensor diaphragm 1-1, 1s 90°.

The pressure sensor chip 1A according to the present
embodiment 1s configured such that the curved recess 1-2a
in the stopper 1-2 includes a groove-pattern region #1 1n
which grooves 3 are formed as passages between projections
2 and a ring-shaped groove-iree region #2 that surrounds the
groove-pattern region #1. More specifically, the grooves 3
are formed 1n the curved recess 1-2a 1n the stopper 1-2 1n the
groove-pattern region #1, but are not formed 1n a certain
region #2 between the groove-pattern region #1 and the
inner wall surface 1-5q of the ring-shaped wall 1-5.

The pressure sensor chip 1A according to the present
embodiment 1s configured such that the inner wall surface
1-5a of the nng-shaped wall 1-5 provided on the peripheral
portion 1-25 of the stopper 1-2 faces the space 1-4 defined
by the sensor diaphragm 1-1 and the curved recess 1-2a 1n
the stopper 1-2, and a step (very small step) h 1s formed
along the entire circumierence of the joining portion
between the stopper 1-2 and the sensor diaphragm 1-1
(portion surrounded by the dotted line 1n FIG. 3).

According to the pressure sensor chip 1A of the present
embodiment, the step h disperses the stress applied to the
joming portion between the stopper 1-2 and the sensor
diaphragm 1-1. More specifically, the step h has a plurality
of points at which the stress 1s dispersed. Accordingly, the
fracture toughness of the joining portion between the stopper
1-2 and the sensor diaphragm 1-1 1s increased, and suflicient
strength can be ensured when the sensor diaphragm 1-1 1s
displaced in the direction away from the stopper. Thus, the
risk of fracture as a result of small deformation of the sensor
diaphragm 1-1 due to low pressure (flwmid pressure PL) can
be eliminated.

The pressure sensor chip 1A according to the present
embodiment 1s configured such that the curved recess 1-2a
in the stopper 1-2 includes the groove-pattern region #1 1n
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which the grooves 3 are formed as passages between the
projections 2 and the ring-shaped groove-iree region #2 that

surrounds the groove-pattern region #1.

When the sensor diaphragm 1-1 reaches the bottom of the
curved recess 1-2a in the stopper 1-2 (see FIG. 4), as
illustrated 1n FIG. 5, the nng-shaped groove-iree region #2
1s divided into a ring-shaped first region #21 1in which the
sensor diaphragm 1-1 1s 1n close contact with the stopper 1-2
and a ring-shaped second region #22 provided between the
inner wall surface 1-5a of the ring-shaped wall 1-5 and the
ring-shaped first region #21.

Thus, according to the pressure sensor chip 1A of the
present embodiment, when the sensor diaphragm 1-1
reaches the bottom of the curved recess 1-2a 1n the stopper
1-2, the ring-shaped first region #21 serves as a sealing
region, and the ring-shaped second region #22 serves as a
confinement region so that the pressure transmitting medium
4 remaining 1n a space 3 that 1s adjacent to the mner wall
surface 1-5a of the ring-shaped wall 1-5 (space adjacent to
the inner wall surface) 1s confined 1n the confinement region
#22.

The pressure sensor chip 1A according to the present
embodiment 1s configured such that, 1n a region other than
the confinement region #22, the curved recess 1-2a (aspheri-
cal surface) of the stopper 1-2 1s shaped along a curve to
which the sensor diaphragm 1-1 1s deformed when the step
h 1s provided. The stopper 1-2 1s shaped so that the stress
generated after the sensor diaphragm 1-1 has reached the
bottom does not exceed the breaking strength until the
pressure reaches a desired withstanding pressure.

As described above, the pressure transmitting medium 4
remaining in the space 5 adjacent to the mnner wall surface
1-5a of the ring-shaped wall 1-3 1s confined in the confine-
ment region #22. However, the amount of pressure trans-
mitting medium 4 confined 1n the confinement region #22 1s
small, and the sensor diaphragm 1-1 1s deformed only by an
amount corresponding to the amount by which the confined
pressure transmitting medium 4 1s compressed. For example,
the amount of deformation 1s as small as about 10% of the
amount ol remaining pressure transmitting medium 4. Thus,
abnormal deformation of the sensor diaphragm 1-1 after the
sensor diaphragm 1-1 has reached the bottom of the stopper
1-2 can be prevented.

In the above-described embodiment, the angle 0 of the
inner wall surface 1-5a of the ring-shaped wall 1-5 15 90°.
However, the angle 0 1s not limited to 90°, and may instead
be, for example, 120°. The angle 0 of the inner wall surface
1-5a of the nng-shaped wall 1-5 1s preferably greater than or
equal to 90°, but may 1instead be, for example, 45° or 60°.

In addition, 1n the above-described embodiment, the ring-
shaped wall 1-5 1s formed integrally with the peripheral
portion 1-2b6 of the stopper 1-2. However, the rng-shaped
wall 1-5 may instead be a separate component that 1s
provided on the peripheral portion 1-26 of the stopper 1-2
(see FIG. 6).

In addition, 1n the above-described embodiment, the sen-
sor diaphragm 1-1 and the second holder 1-3 are formed as
separate components. However, the sensor diaphragm 1-1
and the second holder 1-3 may be integrated with each other.
The scope of the present disclosure includes the configura-
tion in which the sensor diaphragm 1-1 and the second
holder 1-3 are integrated with each other.

EXPANSION OF EMBODIMENTS

Although an embodiment of the present disclosure has
been described, the present disclosure 1s not limited to the
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above-described embodiment. The configuration and details
of the present disclosure may be modified 1n various ways
understandable by those skilled in the art within the scope of
the technical concept of the present disclosure.

What 1s claimed 1s:

1. A pressure sensor chip, comprising:

a sensor diaphragm that outputs a signal corresponding to
a pressure difference;

a first holder including a peripheral portion that faces and
1s joined to one surface of the sensor diaphragm, the
first holder having a first pressure guide hole through
which a first measurement pressure 1s guided to the one
surface of the sensor diaphragm; and

a second holder including a peripheral portion that faces
and 1s joined to another surface of the sensor dia-
phragm, the second holder having a second pressure
guide hole through which a second measurement pres-
sure 1s guided to the other surface of the sensor dia-
phragm,

wherein the first holder includes
a curved recess that prevents excessive displacement of

the sensor diaphragm when an excessive pressure 1s

applied to the other surface of the sensor diaphragm,
the curved recess extending along a curve to which
the sensor diaphragm 1s displaced,

wherein the peripheral portion of the first holder includes
a ring-shaped wall having an iner wall surface that

faces a space surrounded by the sensor diaphragm
and the curved recess 1n the first holder,
wherein the curved recess in the first holder includes
a groove-pattern region in which grooves that commu-
nicate with the first pressure guide hole are formed as
passages between a plurality of projections, and

a ring-shaped groove-ifree region that surrounds the
groove-pattern region,
wherein, when the sensor diaphragm 1s displaced so as to
reach a bottom of the curved recess of the first holder,
the groove-iree region 1s divided into
a ring-shaped first region with which the sensor dia-
phragm 1s 1n close contact, and

a ring-shaped second region disposed between the inner
wall surface of the ring-shaped wall and the ring-
shaped first region,

wherein the ring-shaped first region serves as a sealing
region and the ring-shaped second region serves as a
confinement region so that a pressure transmitting
medium that remains 1 a space adjacent to the inner
wall surface of the ring-shaped wall 1s confined in the
confinement region, and

wherein the curved recess extends along the curve to the
ring-shaped wall.

2. The pressure sensor chip according to claim 1, wherein
the ring-shaped wall 1s formed integrally with the first
holder.

3. The pressure sensor chip according to claim 1, wherein
the ring-shaped wall 1s provided as a component separate
from the first holder.

4. The pressure sensor chip according to claim 1, wherein
an angle of the mner wall surface of the ring-shaped wall
with respect to a jomning surface between the ring-shaped
wall and a peripheral portion of the sensor diaphragm 1s
greater than or equal to 45°.

5. The pressure sensor chip according to claim 2, wherein
an angle of the mner wall surface of the ring-shaped wall
with respect to a joining surface between the ring-shaped
wall and a peripheral portion of the sensor diaphragm 1s
greater than or equal to 45°.
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6. The pressure sensor chip according to claim 3, wherein
an angle of the inner wall surface of the ring-shaped wall
with respect to a joining surface between the ring-shaped
wall and a peripheral portion of the sensor diaphragm 1s

greater than or equal to 45°. 5
7. The pressure sensor chip of claim 1, wherein when the

sensor diaphragm 1s displaced so as to reach the bottom of

the curved recess of the first holder, the ring-shaped second

region 1s formed.
10
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